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ABSTRACT 

Ordered do lomi t e  of Holocene age ,  which we b e l i e v e  
has  p r e c i p i t a t e d  from near-normal s eawa te r ,  i s  
widespread i n  t h e  fore-reef  hardground a t  
Discovery Bay, Jamaica (Mitchel l  e t  a l .  1987. 
Geology 15:557-560). I n  t h e  p re sen t  s t u d y ,  e l even  
v e r t i c a l  c o r e s  a s  l a n g  a s  137 cm were d r i l l e d  i n t o  
t h e  hardground i n  water  dep ths  between 5  and 11 m, 
spann ing  a  7  km d i s t a n c e  l a t e r a l l y  a long  t h e  
s h o r e l i n e  on both  s i d e s  of t h e  bay. A l l  c o n t a i n  
do lomi t e  which occu r s  p r imar i ly  a s  i sopachous 
s y n t a x i a l  po re - l i n ing  cement, c o n s t i t u t i n g  no more 
than  1% of t h e  whole rock  volume. Ex tens ive  d i s s o -  
l u t i o n  of bo th  a r a g o n i t e  and Mg-calcite i s  p re sen t  
i n  many of t h e  c o r a l - a l g a l  boundstones. Water 
f lows f o r c e f u l l y  i n t o  most of t h e  open c o r e  h o l e s  
a t  a l l  r anges  of t h e  t i d e  and a t  t imes  of no wave 
a c t i v i t y .  Water which exha le s  from a  few of t h e  
s h a l l o w e s t  w e l l s  was analyzed du r ing  t h e  w i n t e r  
wet s e a s o n ,  immediately a f t e r  26 mm of l o c a l  r a i n .  
Concen t r a t ions  of a l l  major components i n d i c a t e  
a t  most 2% d e p a r t u r e  from normal s u r f a c e  seawa te r  
v a l u e s ,  sugges t ing  unmodified seawater  t o  be  t h e  
a g e n t  of d o l o m i t i z a t i o n .  The observed wa te r  flow 
p a t t e r n s  cannot  l o g i c a l l y  be expla ined by t i d a l  
pumping, wave pumping, o r  me teo r i c  d i s c h a r g e ,  
based on a v a i l a b l e  d a t a .  

Unmodified marine  wa te r  has  conven t iona l ly  no t  
been thought  t o  be r e spons ib l e  f o r  p r e c i p i t a t i n g  
do lomi t e  i n  sha l low,  warm s u b t i d a l  environments .  
Consider ing t h a t  seawater  i s  approximately  20 
t imes  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  dolomite  
(Ba thu r s t  1975) ,  and t h a t  ample t ime e x i s t s  f o r  
d o l o m i t i z a t i o n  t o  t a k e  p l a c e ,  why a r e  e x t e n s i v e  
q u a n t i t i e s  of dolomite  not  formed a s  a  sha l low 
normal-marine p r e c i p i t a t e ?  Although t h e  do lomi t e  
p r e s e n t  i n  t h e  hardground a t  Discovery Bay i s  
a d m i t t e d l y  n o t  v o l u m e t r i c a l l y  abundant ,  i t  
s i g n i f i c a n t  a s  i t  seems t o  be de r ived  by d i r e c t  
p r e c i p i t a t i o n  from modern marine wa te r .  Other  
examples o f  s u b t i d a l  Holocene dolomite  p r e c i p i t a -  
t i o n  r e l y  on heat-sourced convec t ive  c e l l s  c i r c u -  
l a t i n g  deep,  cold  marine do lomi t i z ing  f l u i d s  
through ca rbona te  sediments  ( S a l l e r  1984), 
r e s t r i c t e d  h y p e r s a l i n e  environments (Behrens & 
Land 1972) ,  and t i d a l  pumping of marine wa te r  
t h rough  ca rbona te  sediments  (Carbal lo  e t  a l .  1987) 
a s  mechanisms of do lomi t i za t ion .  

Using a  submers ib l e  co r ing  d r i l l ,  we p e n e t r a t e d  
t h e  exposed hardground a t  Discovery Bay, l o c a t e d  
on t h e  n o r t h  c o a s t  of Jamaica. The e n t i r e  no r th -  
e a s t  c o a s t l i n e  was sub jec t ed  to  t h e  wra th  of 
Hur r i cane  A l l e n  i n  1980, dur ing which t h e  
d i v e r s e l y  popu la t ed ,  shal low f r i n g i n g  r ee f  was 
des t royed  and t h e  sediment t h a t  p rev ious ly  covered 
t h e  fo re - r ee f  hardground was swept away (Woodley 

e t  a l .  1981), ba r ing  t h e  n e a r l y  f e a t u r e l e s s  hard- 
ground s u r f a c e .  The e l even  75 unn diameter  c o r e s  up 
t o  137 cm i n  l e n g t h  were d r i l l e d  i n  water  dep ths  
r ang ing  from 5  m t o  1 1  m, both  e a s t  and west of 
Discovery Bay. H i s t o r i c a l l y ,  submarine c o r i n g  
o p e r a t i o n s  have been l e s s  than op t ima l ly  produc- 
t i v e  i n  terms of c o r e  recovery.  I n  t h i s  s tudy ,  a  
12-horsepower s u r f a c e  h y d r a u l i c  power supply 
t u r n e d  a  diver-operated submers ib l e  d r i l l  of cus- 
tom d.esign ( cour t e sy  Dr. Fred Tay lo r ,  I n s t i t u t e  
f o r  Geophysics,  Un ive r s i ty  of Texas a t  Aus t in ) .  
Core r e c o v e r i e s  averaged 80%. us ing  75 man d iameter  
t h in -wa l l  diamond b i t s  des igned f o r  co r ing  con- 
c r e t e .  Maximum p o s s i b l e  p e n e t r a t i o n  wi th  t h e  b i t s  
used was j u s t  under 140 cm, but  mod i f i ca t ions  t o  
t h e  d r i l l  w i l l  a l l ow inc reased  dep th  of i nves t iga -  
t i o n  dur ing t h e  upcoming f i e l d  season.  

The c o r e s  obta ined r ange  from extremely w e l l  
l i t h i f i e d  t o  ve ry  f r i a b l e  and rubb ly  c o r a l - a l g a l  
boundstones. These  e x h i b i t  a  wide v a r i e t y  of mega- 
s c o p i c  f e a t u r e s ,  i nc lud ing  p e l o i d a l  c r u s t s  and 
"mud drapes"  which a r e  a l s o  abundant i n  t h e  on- 
s h o r e ,  P l e i s t o c e n e  (dolomit ized)  Hope Gate forma- 
t i o n  (Land 1973) .  For documentation of t h e  micro- 
s c o p i c  cement v a r i e t i e s  of t h e  hardground observed 
i n  t h i s  s tudy  a s  w e l l  a s  p rev ious  s t u d i e s ,  t h e  
r eade r  i s  r e f e r r e d  t o  Mi tche l l  (1988) .  Only a  
b r i e f  summary of t h e  t e x t u r a l  obse rva t ions  w i l l  be 
p re sen ted  h e r e .  Mg-calc i te  cement is more abundant 
t han  a r a g o n i t e  cement, c a l c i t e  cement h a s  n o t  been 
i d e n t i f i e d ,  and ve ry  i r r e g u l a r  p a t t e r n s  of pore- 
f i l l i n g  cements were observed;  i . e .  some c o r a l  
po res  a r e  f i l l e d  ( p a r t i a l l y  o r  complete ly)  by on ly  
a r a g o n i t e ,  some by on ly  Mg-calc i te ,  some by 
i n t e r n a l  sediment ,  and some by a  combinat ion of 
f a b r i c s .  

The c o r e s  were  washed, d r i e d  i n  t h e  sun,  and 
s l a b b e d .  To d a t e ,  samples have been analyzed us ing  
b inocu la r  and pe t rog raph ic  microscopes ,  x-ray d i f -  
f r ac tome te r  (XRD), scanning e l e c t r o n  microscope 
(SEM) , and e l e c t r o n  microprobe. 

HOLOCENE DOLOMITE 

Ca lc i an  dolomite  (Ca1.22Mg0.78(C03)2) i n  p e l o i d a l  
p o r e - f i l l i n g  mud i n  s k e l e t a l  c a v i t i e s  of c o r a l s  
was d i scove red  by M i t c h e l l  e t  a l .  (1987) i n  hand 
samples taken near t h e  seawater-sediment i n t e r f a c e  
from bo th  w a l l s  of an a r t i f i c i a l l y  deepened s h i p  
channel  pas s ing  through t h e  r e e f  a t  Discovery Bay. 
E lec t ron  microprobe a n a l y s e s  have documented dolo- 
mi t e  i n  a l l  e l even  c o r e s  of t h i s  s tudy ,  i n d i c a t i n g  
t h a t  t h e  dolomite  i s  n o t  r e s t r i c t e d  t o  t h e  pas s  
through t h e  r e e f .  Pe t rog raph ic ,  SEM, XRD, and 
e l e c t r o n  microprobe ana lyses  of t h e  c o r e s ,  toge- 
t h e r  w i t h  d a t a  from t r ansmis s ion  e l e c t r o n  micro- 
s c o p i c  a n a l y s i s  of M i t c h e l l ' s  s tudy ,  i n d i c a t e  
t h a t  do lomi t e  i s  indeed a  Holocene f e a t u r e ,  and 
conf i rm i t s  s y n t a x i a l  r e l a t i o n s h i p  t o  under lying 



Figu re  1. Backsca t t e r ed  e l e c t r o n  image showing F igu re  2 .  Backsca t t e r ed  e l e c t r o n  image showing 
isopachous  dolomite  l i n i n g  epoxy- f i l l ed  po re s  rhombic do lomi t e  f i l l i n g  pr imary i n t e r g r a n u l a r  
which a r e  w h i t e  i n  t h i s  i n v e r t e d  image. Because po re  space .  Some rhombs (ar row) a r e  zoned.  Consid- 
of s i g n a l  i n v e r s i o n ,  c o r a l  f r agmen t s  a r e  d a r k e s t .  e r a b l e  d i s s o l u t i o n  w i t h i n  t h e  Mg-ca l c i t e  m i c r i t e  
Long dimension is - 2 8 5 ~ .  i s  e v i d e n t  (now f i l l e d  w i t h  epoxy - b l a c k ) ,  and 

some do lomi t e  may be  p r e c i p i t a t i n g  i n  t h e s e  
"secondary" po re s .  Long dimension is - 7 5 ~ .  

Figu re  3 .  S k e l e t a l  po re s  i n  t h i s  c o r a l  f ragment  F igu re  4 .  F l u o r e s c e i n  dye  f rom the  s y r i n g e  a t  
a r e  p a r t l y  f i l l e d  w i t h  p e l o i d a l  m i c r i t e  and i s o -  upper l e f t  s t r eams  i n t o  one  of  t he  open h o l e s  
pachous mar ine  cements .  The c o r a l  s k e l e t o n  i s  (lowermost r i g h t j ,  demons t r a t i ng  t h e  a c t i v e  hydro- 
be ing  d i s s o l v e d ,  and t h e  s econda ry  po re s  a r e  now l o g i c  sys tem of t h e  hardground.  
f i l l e d  w i t h  e l o g a t e  c a s t s  of  epoxy (dark  i n  t h i s  
p l ane  l i g h t  micrograph) .  Long dimension i s  1 mm. 



s u b s t r a t e s ,  documenting t h e  dolomite  a s  a  primary 
shallow-water marine  p r e c i p i t a t e .  

Backsca t t e r ed  e l e c t r o n  (BSE) imaging o f  epoxy- 
impregnated, po l i shed  t h i n  s e c t i o n s  shows va ry ing  
shades  of  gray co r re spond ing  t o  subs t ances  of  d i f -  
f e r e n t  atomic numbers (F igs .  1  and 2 ) ;  t h e  h ighe r  
t h e  a tomic number, t h e  b r i g h t e r  t h e  image. Arago- 
n i t e  gene ra t e s  t h e  b r i g h t e s t  image and epoxy t h e  
d a r k e s t  (F igu re  1  is a  r e v e r s e  image). Mg-calc i te  
and dolomite  a r e  i n t e r m e d i a t e  i n  b a c k s c a t t e r e d  
i n t e n s i t y ,  and Mg-composition can  be measured 
d i r e c t l y  on c r y s t a l s  g r e a t e r  t h a n  1% i n  diameter  
by wavelength d i s p e r s i v e  x-ray a n a l y s i s .  

Ca lc i an  dolomite  i n  t h e  c o r e s  occu r s  i n  s e v e r a l  
modes. The most s p e c t a c u l a r  is euhedra l  rhombs 
l i n i n g  both  inne r  and o t h e r  s k e l e t a l  po re  w a l l s  
(mainly forams and r e d  a lgae )  a s  s y n t a x i a l  i so-  
pachous cement. Maximum s i z e  of each o f  t h e  cry-  
s t a l s  compris ing t h e  one-crysta l -deep l a y e r  of  
euhedra l  rhombs is 5 ~ .  The do lomi t e  of  t h i s  v a r i -  
e t y  i s  l o c a l i z e d ,  such t h a t  w i t h i n  a  s i n g l e  f i e l d  
of  view of  approximately  360x i t  may c o n s t i t u t e  up 
t o  10% of  t h a t  volume ( F i g .  1 ) .  However, dolomite  
i s  e s t ima ted  t o  c o n s t i t u t e  a t  most 1% of  t h e  whole 
rock.  

Areas o f  Mg-calc i te  mud, both a s  i n t e r p a r t i c l e  
m a t r i x  and i n t r a p a r t i c l e  p o r e - f i l l ,  h o s t  dolomite  
of s e v e r a l  morphologies .  I n d i v i d u a l  p e l o i d s  i n  
p o r e - f i l l i n g  mud a r e  sometimes encased by isopach- 
ous  5p rhombs. D i f f u s e  c louds  of  submicron-s ize  
do lomi t e  a r e  p r e s e n t  i n  some a r e a s  of very  dense  
Mg-calc i te  mud, a l t hough  q u i t e  s p a r s e l y .  Even nrore 
r a r e  a r e  "giant"  ( a s  l a r g e  a s  2.411 diameter)  dolo- 
m i t e  euhedra  suspended w i t h i n  t h e  dense  Mg-calcite 
mud. F a i n t  zona t ion  i n  t h e  euhedra l  dolomite  is 
marked by a l t e r n a t i n g  bands of l i g h t e r  and d a r k e r  
g ray  ( f a i n t l y  v i s i b l e  i n  Fig .  2 ) .  

DISSOLUTION FEATURES AND HYDROLOGY 

t 
Cores showing evidence of d i s s o l u t i o n  of a r a g o n i t e  I* and Mg-calcite a r e  randomly l o c a t e d  throughout  t h e  
s tudy  a r e a .  Halimeda and r e d  a l g a e  f ragments  seem 

" I  
t o  be most r e a d i l y  a t t a c k e d ,  and obvious  c o r a l  
d i s s o l u t i o n  (F ig .  3) is p r e s e n t  i n  s e v e r a l  sam- 1: p l e s .  Th i s  is probably  due t o  t h e  more r o b u s t  

t i  n a t u r e  o f  t he  c o r a l  g r a i n s ,  a s  opposed t o  t h e  h i g h  

I s u r f a c e  a r e a  s t r u c t u r e  o f  t h e  o t h e r  a l lochems.  
I Fibrous  a r a g o n i t e  and Mg-calc i te  s ca l enohedra l  

po re - l i n ing  cement c r y s t a l s  have a l s o  undergone 
d i s s o l u t i o n ,  however l e s s  e x t e n s i v e l y .  

The e x t e n t  of d i s s o l u t i o n  oE al lochems i s  appar- 
e n t l y  not  d i r e c t l y  r e l a t e d  t o  t h e  deg ree  of  encas- 
i n g  cements p r e s e n t  ( m i c r i t e  o r  Mg-ca lc i t e ) ,  a s  
examples of l o c a l l y  e x t e n s i v e  Mg-calc i te  envelopes  
d i r e c t l y  a d j a c e n t  t o  d i s s o l v e d  r ed  a l g a e  fragments 
were observed.  I n  o t h e r  a r e a s ,  t h e  f ragments  most 
a t t a c k e d  by d i s s o l u t i o n  were exposed i n  cement- 
f r e e  r e g i o n s .  

Because dolomite  is p r e s e n t  i n  a l l  c o r e s ,  and d i s -  
s o l u t i o n  i s  v a r i a b l e  b u t  a l s o  p r e s e n t  i n  a l l  
c o r e s ,  a t  t h i s  t ime  no obvious  c o r r e l a t i o n  can be 
made between d o l o m i t i z i n g  f l u i d s  and des t ruc -  
t i v e l y  i n t e r a c t i v e  f l u i d s  w i t h  r e s p e c t  t o  depth  
below t h e  hardground s u r f a c e ,  geography, o r  deg ree  
of marine cemen ta t ion .  The p o s s i b l e  exp lana t ions  

f o r  causes  of t h e  d i s s o l u t i o n  have not  ye t  been 
thoroughly exp lo red .  Proximity  of each s p e c i f i c  
c o r e  t o  me teo r i c  water  b o i l i n g  up through f r a c -  
t u r e s  and n a t u r a l  pe rmeab i l i t y  t r a c t s  i n  t h e  hard-  
ground may prove t o  be p l a u s i b l e .  

The l i t h o l o g y  which comprises t h e  hardground i s ,  
by n a t u r e ,  ve ry  porous and sometimes q u i t e  permea- 
b l e .  Fresh wa te r  s c h l i e r e n  a r e  p re sen t  i n  s e v e r a l  
p l a c e s  i n  t h e  back-reef lagoon nea r  t h e  Discovery 
Bay Marine Laboratory ,  and have been noted by J.D. 
Woodley ( p e r s .  co rn . )  on t h e  deep fo re - r ee f  a t  one 
l o c a t i o n  a t  50 m dep th .  However, measured ch lo r -  
i d e ,  a l k a l i n i t y ,  and pH va lues  ( i n  Jamaica) ,  and 
sodium, ca l c ium,  magnesium, s t ron t ium,  and s u l f u r  
c o n c e n t r a t i o n s  (by ICP-AES i n  Aust in)  of  samples 
t aken  du r ing  t h e  w i n t e r  wet season t h e  day fol low- 
i n g  a  l o c a l  r a i n  of 26 mm, documented a t  most a  
2% me teo r i c  wa te r  component i n  t h e  w e l l s .  I n  con- 
t r a s t ,  P i g o t t  & Land (1986) found c h l o r i n i t i e s  a s  
low a s  1 2 . 3 2  65 cm below t h e  reef-water  i n t e r f a c e  
a t  one l o c a l i t y .  

S t r i k i n g l y  f o r c e f u l  f low of  water  i n t o  t h e  major- 
i t y  o f  t h e  d r i l l  h o l e s  was observed a t  a l l  ranges  
o f  t h e  t i d e s  and du r ing  "g l a s sy  calm" c o n d i t i o n s  
i n  t h e  e a r l y  morning when wave a c t i o n  i s  nonex i s -  
t e n t .  A s  wind-dr iven waves b u i l d  up du r ing  t h e  
day,  a c t i v e  f low occurs  throughout  both t h e  l and -  
ward and seaward su rges  o f  t h e  waves, with inf low 
dominat ing ou t f low,  p r i m a r i l y  on t h e  landward 
s u r g e .  A few o f  t h e  sha l lowes t  h o l e s  p e r s i s t e n t l y  
exha le  wa te r  (samples f o r  chemical ana lyses  were 
from t h e s e  w e l l s ) .  I n  o rde r  t o  document t h e  flow 
o f  s eawa te r  i n  and out  o f  t h e  d r i l l  h o l e s ,  f l u o r e -  
s c e i n  dye was r e l e a s e d  from a  s y r i n g e  a t  t h e  o r i -  
f i c e  of t h e  h o l e s  and photographed (F ig .  4 ) .  Flow 
meters  t o  measure n e t  movement o f  water  w i l l  pro-  
v i d e  more informat ion on t h e  s p e c i f i c s  o f  t h i s  
h y d r o l o g i c a l  phenomenon dur ing 1988 f i e l d  work. 

We conclude,  on t h e  b a s i s  o f  c u r r e n t  d a t a ,  t h a t  
t h e  dolomite  p r e s e n t  i n  t h e  f o r e - r e e f  hardground 
a t  Discovery Bay, Jamaica, is e x t e n s i v e  and is not 
n e c e s s a r i l y  a  product  o f  a  mixing zone of  me teo r i c  
and marine  wa te r s ;  r a t h e r ,  it may have p r e c i p i -  
t a t e d  from unmodified seawa te r .  
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